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TOWARDS  THE  IMPROVEMENT  OF  TRAINING  IN  FOREIGN  LANGUAGES 

Almost  by  definition,  some'^se^ent^of  military 

multilingual.  It  is  imperative,  **  lanauages  of  those  individuals  with 

personnel  have  .  working  ‘o^ign  language  rraining 

progra^  h.v.^be,n^d.v,loped^in^the^J.Uitary^.o ^ 

„aya.  At  one  e«re»e  in  training  that  focuses  f  ^^“would  be 

underlvina  an  ideal  soeaker ' s  knowledge  or  the  language.  ^ 

feJc^bt  -e^^-uc^arf  orfan^^U^^ 

-  srpTSi  comd 

brorgLized  around  such  principles,  and  indeed  foTuslT 

S  comprehension 

and  productiol  o^the  language.  This  course  would  be  designed 
acouisition  and  use  of  pragmatic  psycholinguistic  principles.  For  example, 
Javier  iSeriments  by  Healy  and  Levitt  (1980)  have  shown  that  naive 

individual  do  not  have  access  to  the  concept  of  f  ^Ji^^ides 

^na^ilv  •■earn  a  phonoloaical  rule  based  on  voicing  assimilation  if  it  coincides 
with  ease  of  pronunciation.  A  language  course  could  be  organizea  around  sucn 
principles;  however,  at  present  a  course  based  primarily 

oDDosed  *-0  formal  ii.nguistic,  principles  has  not  been  realized.  It  ''as  the 

ultimate  goal  of  our  project  to  identify  a  set  of  psychological 

that  could  provide  t.he  foundation  for  or,  at  least,  augmentation  of  a  foreign 

"""""Tt  wo^lf  bS  un;;:!lstic  to  expect  that  in  one  limited  project  we  would 
be  able  to  address  the  full  range  of  psychological  principles  that  such  a 
cLrsrri^ires.  Our  goal  has  been  more  modest.  Nevertheless ,  during  the 
th^e^yiS  of  our  project,  we  have  investigated  a  wide  range  of 
valuable  psycholinguistic  issues  relevant  to  language  training.  Among  th 
issues  of  greatest  concern  to  us  have  been:  (a)  To  what  extent  does  a  person 
adopt  or  adapt  first- language  strategies  in  ’^he  acquisition  and  use  of 
second  language?  (b)  vniat  are  the  best  methods  for  efficient  and  durable 
acquisition  of  vocabulary  items  in  a  foreign  language?  (cj  What 
abJ^ract  linguistic  categories  play  in  the  acquisition  or 
the  day-to-day  use  of  language  for  the  purpose  of  communication.  ( 

S  Sncbtob.1  units  o£  any  lan^age  and  how  do  they  diffar  for  toe  nativa  ana 
nonnative  speaker?  (e)  How  do  knowledge  of  the  lan^age  and  utteran 
complexity  interact  to  determine  message  comprehensibility  for  a  listener. 

Overriding  these  questions  is  a  fundamental  interest  in  designing 
optimal  training  programs.  We  define  optimality  in  terms  of  three 
characteristics:  (a)  minimize  the  time  to  reach  a  criterion  level  of 
performance,  (b)  ensure  the  long-term  retention  of  the  acquired  knowledge  an 
skills  that  underlie  performance,  and  (c)  provide  for  maximal  trans  ® 
has  been  learned  from  the  training  context  to  other  environments,  especially 
chose  crucial  to  military  activity.  Our  own  earlier  research  “ 

Bourne,  1995,  for  a  summary)  has  underlined  the  importance  of  all  three  or 
these  criteria.  For  example,  we  have  discovered  that  training  that  minimizes 
acquisition  ti.me  may,  in  fact,  be  detrimental  to  long-term  retention. 

Likewise,  in  ocher  studies,  we  have  found  that  training  chat  maximizes  long¬ 
term  retention  may  severely  limit  the  transferability  of  that  material,  it 
is,  thus,  vitally  important  that  all  three  characteristics  of  on  the-^ob 
performance  be  considered  to  establish  the  validity  of  an  instructional 
program. 
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,  j  wnt-h  first-  and  second- language  learning  and  use. 

Our  project  ,^°^hHects  of  varying  degrees  of  fluency  m  the 

In  some  studies,  we  Jhe  degree  of  fluency  would  have  an  important 

second  language,  expecting  that  t  -gg-  However,  in  other  studies,  we 

srsL  p:™e 

training  in  any  other  language.  following  three 

we  began  this  project  on  August  2,  1993.  ana  o 
years  we  made  considerable  progress  on  a  number  of  issues, 
review  some  of  our  most  important  findings. 

Transfer  of  Strategies  from  First  to  Second  Language 

from  a  linguistic  patspeccive.  Speakers  utilize  to 

a  particular  language  elicits  ^3  l-he  “language-specific 

process  discourse  information.  We  re  huoothesis  is  chat  the  strategies 

Strategies  hypothesis.-  The  second,  likelj  to  influence 

formed  as  a  result  of  Che  native  ”  nontnatlve  language.  We 

speakers  when  they  process  discourse  ,  .  „  experiments  tested  these 

Seiit^^i:s1pe;t5nXon^rhe1nf^Sr”SitivrstSegies  that  speakers  of 
EnglishandfChine^^usejOftrack^references^iniasdiscourse^^se  that  Chinese 

relies  much  more  on  the  use  of  rero  andPhoa.  no^p^e^or  a 

slot  in  a  sentence  that  in  English  is  .  ^  "Hillarv  Clinton  went  to 

pronoun.  For  example,  consider  the  Eng  first  lady”  is  a  noun 

Lulder,  and  the  first  lady  spoke  to  CU  =tudent^  The  first 

phrase  that  refers  to  „ Hillary  Clinton  went  to  Boulder,  and 

the  pronoun  “she,"  as  in  the  senten  ^  r^ontd  be  replaced  by  an  empty 

she  spoke  to  CU  students."  "-I.  °L  sentenL  "Hillary  Clinton 

slot,  which  is  known  as  "zero  anaphora  "  as  ^^®  J®  this 

went  to  Boulder  and  spoke  to  CU  students.  '  device  is  much  more 

example,  English  does  make  some  use  of  zero  anaphora,  tnis  aevic 

cormaonly  used  Chinese^  experiments  which  tested  i^® , 

?*;oS“typc  Urlin^^hrL.,  .  Cher,  were  JL, 

ITS-. 

„er,  „otlS%p.ces",r  other  ihdicatioh  Chet  .uy  word,  were  mr.sing.^  The 
subjects  were  instructed  to  read  each  passage 

oompreheueibility  rating  ,n,t.  even  fhou^ 

nassaaes  than  did  the  English  subjects.  In  contrast,  tnere  was  a 

difference  between  the  two  group,  in  their  comprehension  racing,  for  th 

the  experiments,  subject,  were  also  given  a 
test,  in  which  missing  elements  were  indicated  in  Che  b“**3es  ^  bl^k 
lilies,  and  subjects  were  asked  to  fill  in  the  missing  words  along  with  a 


2 


Ar-i  <5  faslc  we  foutid  no  d-isadvants-g©  for 
confidence  rating  for  each  choice.  rhav  have  the  ability  to  track 

S:  SsSg'^efiSn;rS;ho;gr?CrS  -t  mvoke  that  ability  when  there  is 
“ 

language-specific  scracegies  ^j.g  native  English  speakers, 

preparation)  r'^wrexSnei'' twHerSubj^t^groups^^^In^^eriment^^ 

compared  native  English  speakers  an  na  ive  also  has  infrequent  zero 

speakers  of  Dutch,  a  language  close  to  English  ..“Native 

anaphora.  In  Experiment  2,  we  compared  anaphora,  as 

speakers  of  Japanese,  ^  ^  Ltive  Dutch  speakers'  performance 

does  Chinese.  We  expected  to  the  native  Japanese 

similar  to  that  of  the  native  English  speakers  ^dtnena  speaLrs .  Both 
speakers'  performance  similar  to  that  of  the  native  Chinese  speax 

experiments  yielded  evidence  support in^these  comprehension 

Specifically,  m  Experiment  1.  subjects  were  gi  results 

rating  cask  with  speakers  showed  a  pattern  of 

“:u?r“m^=rciiseri“that  Of  the  g Lr 

native  Chinese  speakers.  Hote  in  oSch  sSjectrto  the  lull 

“!  hurthrSlS;riSj;:a"Sve  „uch  higher  comprehension  ratings  than 
did  the  Dutch  subjects  to  the  missing  noun  phrase  passages. 


Figure  1.  Mean  comprehensibility  rating  for  native  English  speakers,  ^tive 
Di!^rsUkers,  and  native  Chinese  speakers  as  a  function  of  passage  type. 
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In  Experiment  2,  subjects  were  given  both  the 
and  the  fill-in-the-blank  test  with  both  missing  noun  phrase  and  "^^sing 
modifier  passages.  The  results  are  summarized  in  Figure  . 

passages,  the  native  Japanese  speakers  gave  somewhat  higher  ratings  than  did 
the  native  English  speakers  on  the  comprehension  task  but  somewhat  lower 

ratings  on  the  fill-in-the-blank  test.  ,  „  i  •  u  a 

^In  two  new  experiments  (Tao  &  Healy,  1996),  we  tested  native  English  ^d 
native  Chinese  speakers  on  their  ability  to  comprehend  English  passages  with 
zero  anaphora,  with  comprehension  measured  using  an  objective  test  rather  than 
thrsSjLtive  ratings  used  in  the  earlier  studies.  We  gave  subjects  four 
English^ passages,  all  taken  from  a  standardized  reading  test.  For  each 
Sbjict,  two  ot  the  passages  were  written  in  full  form,  as  they  appeared  on 
the  staAdLdized  tesl  whereas  the  other  two  were  written  with  noun  phrases 
deleted  where  Chinese  would  use  zero  anaphora.  Consider  a  ^ 

sample  passage  in  each  of  the  two  forms.  In  the  full  fom,  sub: ects  read,  I 
once  had  a  brother  who  committed  a  great  crime,  for  which  he  was  hanged, 
the  zero  anaphora  form,  the  pronoun  "he"  was  deleted,  so  that  subjects  read 
instead,  "I  once  had  a  brother  who  committed  a  great  crime,  for  which  was 
hanged."  Note  that  we  added  nothing  to  the  zero  anaphora  passage  to  in  ica  e 
the  location  of  the  missing  noun  phrases. 


Xaslc 


Figure  2.  Mean  rating  on  the  comprehension  task  and  fill-in-the-blank  task 
with  both  missing  noun  phrase  (NP)  and  missing  modifier  (Mod)  passages  for 
native  English  speakers  and  native  Japanese  speakers. 

Subjects  read  each  passage  once  in  a  self-paced  manner .  Each  passage 
was  followed  by  a  set  of  three  general  and  three  specific  multiple-choice 
comprehension  questions.  A  sample  specific  question  corresponding  to  the 
passage  segment  is  "The  nobleman  [who  was  the  protagonist  of  the  story] 
claimed  that  his  brother:  (a)  committed  a  crime,  (b)  had  an  accident,  (c)  was 
sick,  or  (d)  none  of  the  other  three  is  true." 
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our  results  are  summarized  in  Figure  3.  As  expected,  subjects  overall 
made  more  errors  on  the  zero  anaphora  passages  than  on  the  J  -3 

In  addition,  importantly,  the  interaction  of  subject  group  and  passage  typ 
strmig.  it  Ts  most  interesting  to  note  that 

actually  made  fewer  errors  than  did  the  native  English  speakers  on  ^ 
objective  comprehension  test  of  English  passages  with  missing  noun  phrases, 
although  they  made  somewhat  more  errors  on  the  full  passages  with  no  mi  g 
words . 


Passage  type 


Figure  3 .  Proportion  of  comprehension  errors  for  native  English  speakers  and 
native  Chinese  speakers  as  a  function  of  passage  type. 

Zero  anaphora  in  Chinese  follows  the  same  discourse  pragmatic  rules  as 
does  the  use  of  pronouns  in  English.  For  example,  it  would  not  be  appropriate 
to  use  either  zero  anaphora  in  Chinese  or  a  pronoun  in  English  to  introduce  a 
noun  referent  that  had  never  been  mentioned  before  in  the  discourse.  We 
conducted  a  second  experiment  in  which  we  compared  English  passages  containing 
zero  anaphora  (zero  anaphora  form)  to  those  containing  missing  noun  phrases 
that  would  not  be  appropriate  as  zero  anaphora  in  Chinese  because  of 
violations  of  the  discourse  pragmatic  rules  (violation  form) .  The  . 

anaphora  form  for  the  sample  passage  is  the  same  as  used  previously;  subjects ^ 
read  "I  once  had  a  brother  who  committed  a  great  crime,  for  which  was  hanged. 
Recall  that  the  pronoun  “he"  from  the  full  form  was  deleted  in  this  example. 
The  violation  form  keeps  the  pronoun  "he"  from  the  full  form  but  deletes 
instead  the  noun  phrase  "a  brother."  That  passage  reads,  "I  once  had  who 
committed  a  great  crime,  for  which  he  was  hanged." 

The  results  of  this  experiment  are  summarized  in  Figure  4.  As  expected, 
subjects  overall  made  more  errors  with  the  violation  form  than  with  the  zero 
anaphora  form.  In  addition,  importantly,  once  again  we  have  a  striking  cross¬ 
over  interaction,  with  the  native  Chinese  speakers  showing  somewhat  more 
errors  than  the  native  English  speakers  on  the  passages  in  the  violation  form 
but  considerably  fewer  errors  on  the  passages  in  the  zero  anaphora  form. 
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Violation  form  Zero  Anaphora 

Passage  type 


Figure  4.  Proportion  of  comprehension  errors  for  native  English  speakers  and 
native  Chinese  speakers  as  a  function  of  passage  type. 

Together,  the  two  new  experiments  provide  strong  support  for  both  our 
language-specific  strategies  and  our  strategies  transfer  hypotheses.  In 
particular,  the  discourse  strategy  used  by  the  native  Chinese  speakers  to 
comprehend  zero  anaphora  in  Chinese  was  applied  by  these  subjects  to  the 
comprehension  of  English  passages  with  zero  anaphora,  so  that  the  native 
Chinese  speakers  showed  superior  comprehension  of  these  passages  than  did  the 
native  English  speakers.  The  particular  discourse  strategy  employed  by  the 
native  Chinese  speakers  needs  to  be  specified  and  tested,  but  Tao  (1996) 
outlined  a  reasonable  candidate  which  she  refers  to  as  "emergent  reference. 

By  this  account,  Chinese  speakers  are  particularly  sensitive  to  information 
and  cues  from  the  verb  and  the  sentence  context  which  are  combined  to 
constrain  the  identity  of  the  missing  noun  referent.  A  full  understanding  of 
this  strategy  could  lead  to  improvements  in  language  training,  especially  tor 
languages  like  Chinese  and  Japanese  with  abundant  zero  anaphora. 

Vocabulary  Acquisition  and  Retention 


Mediational  Processes  ... 

The  second  issue  we  will  discuss  concerns  vocabulary  acquisition  and 
retention.  An  important  component  of  improving  foreign  language  acquisition 
is  improving  the  efficiency  and  effectiveness  of  acquiring  new  vocabulary. 

One  approach  to  achieving  this  goal  is  to  make  use  of  existing  knowledge.  For 
example,  in  acquiring  new  vocabulary,  various  mediation  techniques  may  be 
used.  One  such  technique  is  the  Keyword  Method  in  which  an  unfamiliar  foreign 
word  is  first  related  to  a  similar- sounding  native- language  which  in 

turn  is  related  to  the  English  equivalent  using  an  interactive  image.  For^ 
example,  the  Spanish  word  cabra,  meaning  qQ.a^/  can  be  learned  by  first  noting 
the  similarity  in  sound  of  cabra  to  the  English  keyword  then 

generating  an  interactive  image  of  a  gpftt  driving  ^ 
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Although  there  is  general  agreement  that  the  use  of  mediators  is 
rented  e.se  o£  learning  and  retention,  the  role  of 

iSSfors  in  encoding  and  retrieval  processes  is  unclear  For  example,  it  -s 
unciJarwhether  mediators  serve  simply  as  a  context  i^tors 

associations  between  familiar  and  unfamiliar  items  or  relating  the  two 

become  a  functional  part  of  the  actual  memory  ^ 

items  The  problem  is  that  given  the  covert  nature  of  mediation  p  ' 

iaJlier  aoorLches  to  studying  mediation  lacked  sufficient  power  to  address 
^^ci  tssSs  HoIJver,  witLu?  a  clear  understanding  of  the  functional  role  of 
memory  prooeoses,  it  is  difficult  to  know  precisely  what  makes  a 
CTOod  mediator  or  how  to  improve  mediational  techniques.  ^  ^ 

We  have  developed  a  coherent  set  of  methodologies  for  studying 
mediational  processes  in  memory.  In  our  previous  experiments  (Crutcher,  1990, 
1992-  Crutcher  &  Ericsson,  1992),  we  showed  that  when  keyword  mediators  are 
orovld^rtf^bjects  to  learn  foreign-English  yocabulary  pairs,  the  keywords 
Dlav  an  important  role  in  subsequent  memory  retrieval  processes,  serving  as 
Sjr^Se ““rieval  cues  Co  recover  the  English  translation  corresponding 
to  the  foreign  word.  With  practice,  this  retrieval  process  changes,  speeding 
uD  dramatically,  with  subjects  no  longer  reporting  keyword  mediators  in 
7etTiT±ng  the  translations.  Nevertheless,  it  appears  that  these  mediators 
may  continue  to  be  involved  covertly  in  the  retrieval  process. 

In  a  recent  study  (Crutcher,  in  preparation),  we  used  some  of  the 

methodologies  employed  in  our  previous  experiments  strategy 

learned  a  set  of  foreign  vocabulary  with  the  keyword  method  to  a  tree  strate^ 
control  group  who  simply  learned  the  pairs  any  way  that  they  could.  One  go 
of  the  study  was  to  determine  whether  providing  subjects  with  media  ors  wo 
produce  faster  acquisition  and  better  retention.  A  second  goal  was  to 
determine  whether  the  control  subjects  were  using  any  mediation  techniques 

their  own  in  learning  the  vocabulary  pairs.  , .  ,  v  ,  ■ 

Specifically,  subjects  learned  a  set  of  Spanish-English  vocabulary  items 
presented  individually  using  a  self-paced  procedure.  Following  acquisition 
was  a  cued  recall  task  in  which  subjects  saw  the  Spanish  word  and  responded  y 
saying  the  English  equivalent  into  a  voice  key  that  recorded  the  response 
latency.  On  incorrect  responses,  subjects  received  corrective  feedback,  and 
each  missed  item  was  later  re-presented  until  it  was  responded  to  correctly. 
After  this  dropout  phase,  the  vocabulary  pairs  were  tested,  again  ^^ing  the 
cued  recall  procedure  but  without  feedback.  Verbal  reports  were  collec 
throughout  the  experiment.  During  acquisition,  subjects  thought  aloud  as  they 
studied  each  item,  and  during  testing  they  provided  retrospective  verbal 
reports  after  each  response,  reporting  whatever  they  remembered  thinking  for 

that  number  of  trials  to  criterion  revealed  that  the 

free-strategy  subjects  required  more  trials  (M  =  77)  than  did  the  keyword 
subjects  (M  =  51) .  Further,  on  the  test,  the  proportion  of  correctly  recalled 
vocabulary  pairs  was  reliably  greater  for  the  keyword  group  (.97)  than  for  the 

free-strategy  control  subjects  (.80).  .  ,r  ^  ..u 

Thus,  keyword  subjects  learned  the  vocabulary  pairs  faStSC  than  did  tne 

free-strategy  group.  In  addition,  use  of  keyword  mediators  led  to  better 
retention  of  the  vocabulary  pairs.  In  view  of  the  three  characteristics  o 
optimal  instructional  programs  discussed  earlier,  these  results  suggest  the 
potential  utility  of  mediational  techniques  such  as  the  keyword  method  in 
designing  a  language  instruction  program.  However,  an  important  follow-up  to 
the  present  study  would  be  to  assess  whether  the  retention  advantage  observed 
at  a  short  delay  interval  would  also  remain  after  a  longer  delay. 

A  second  goal  of  the  current  study  was  to  obtain  information  concerning 
the  free-strategy  control  subjects.  Towards  that  end,  we  coded  the  think- 
aloud  verbal-report  data  collected  while  subjects  were  studying  the  foreign 
vocabulary  items  in  this  experiment.  We  found  that  on  every  trial,  the 
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j  '  ciiH-lor't-e?  renorted  a  keyword  mediator.  The  no-strategy 

keyword- ms  true  ted  suD;3ects  reports  al  orooortion 

subjects  also  reported  using  keyword  mediators  on  a  substantial  propo 

(.38)  of  the  learning  trials.  ^hat  keyword 

This  experiment  suggests  the  interesting  P®ss  ^  individuals. 

strategies  are  in  fact  utilized  ^ite  that  when  vocabulary  is 

in  addition,  a  number  of  our  earlier  studies  suggest  that  when  voc 

acquired  using  such  mediators,  these  mediators  continu  importance  of 

retrieval  processes.  Together,  these  results  P=in':  “  wiJ?rLoect  to 

linked  to  the  English  translation  (for  example,  to  ^)  . 

To  study  the  first  factor  and  to  determine  obiectively  the  relative 

;S:Sht“?;up'o1  Xcts”tfge*S:«  ^/he^l^arL-p:  Sible^£,r  a 

S::Lfw“‘fcra;Sfiefri:oP“th':tSh«rtS 

imageabiUt^  these  heyvords  ih  an  eKperi».nt  in  "‘’“VSi'oood'Sotdf lor 
English  translation  for  the  sec  of  Spanrsh  words,  using 
half  of  them  and  the  poor  keywords  for  the  other  half.  After 
corrective  feedback,  the  vocabulary  pairs  were  tested  using  a  cued 
procedure  in  which  the  Spanish  word  was  presented  and  subjects  responded  wi 

the  ®^5lish^translation^^  ^  learned  using 

(  94)  than  for  those  learned  using  the  poor  keywords  (-78).  In  addition, 
the  correct!?  retrieved  items,  pairs  learned  with  the  good  keywords  were 

retrieved  faiter  (M  =  2095  ms)  than  those  learned  with  the  poor  ^  " 

2501  ms)  .  Both  results  supported  the  hypothesis 

keyword  from  the  foreign  word  is  an  important  factor  in  determining  the 

effectiveness  of  keyword  mediation.  ,  .  ^ 

To  summarize,  in  our  first  experiment  we  found  that  subjects  someti 

spontaneously  employ  keyword  mediators  in  trying  to 

words  which  may  be  why  instructing  subjects  to  use  keyword  strategies 
:lcen  sllccessful,  The^cracegy  is  one  Chet  appears  Co 
by  subjects  but  perhaps  not  as  effectively  as  possible. 
subjects  may  not  be  completely  successful  in  identifying  ideal 
mediators.  The  second  experiment  speaks  to  the  issue  of  what  makes  an 

effective  keyword  mediator  by  demonstrating  that  it  is  due  at  least  in  part  to 

how  readily  the  keyword  can  be  accessed  from  the  foreign  word.  . 

Now  that  we  have  been  able  to  establish  that  the  quality  of  a  keyword 
has  a  short-term  effect  on  vocabulary  acquisition,  it  is  important  to 
determine  whether  it  has  a  long-term  effect  as  well.  Do 

mediators  improve  only  initial  acquisition  or  do  they  contribute  to  the 
durability  of  retention  for  the  vocabulary  pairs?  In  our  future  work  we  plan 

to  address  this  fundamental  issue.  •  i 

As  mentioned  previously,  in  our  earlier  research  on  mediationa 
processes  in  foreign  vocabulary  acquisition  (e.g.,  Crutcher,  1992),  we  fomd 
that  in  early  learning  trials,  keyword  mediators  serve  as  retrieval  cues 
recover  the  English  translation  corresponding  to  the  foreign  word.  With 
practice,  this  retrieval  process  changes,  dramatically  speeding  up,  with 
subjects  no  longer  reporting  the  need  for  keyword  mediators  to  retrieve 
translations  of  the  foreign  words.  Nevertheless,  we  have  found  that  even 
after  extended  practice  the  keyword  mediators  continue  to  influence  memory 
retrieval  despite  subjects'  lack  of  awareness  of  the  mediators  in  the  process. 
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This  influence  is  evidenced  by  significant  increases  in  Spanish-English 
retrieval  latencies  when  new  associations  to  the  old  keyword  mediators  are 
learned.  For  example,  after  learning  cabra-aoat  using  the  keyword  mediator 
cab,  a  subject  practices  retrieving  cabra.^oat  for  80  blocks,  after  which  the 
keyword  mediator  cab  and  the  interactive  image  of  a  goat  driving  a  cab. are  no 
longer  reported.  Nevertheless,  when  a  new  response  to  cab  is  learned  (such  as 
cab-f lower )  there  is  a  significant  slowing  of  the  retrieval  latency  for  the 
cabra-aoat  pair  relative  to  a  control  condition  in  which  a  new  response  is  not 
learned.  Our  explanation  for  this  effect  is  that  the  retrieval  of  the 
translation  is  still  tied  to  accessing  the  keyword  at  some,  probably  implicit 
level.  Learning  a  new  keyword  association  thus  produces  interference  in 
accessing  the  English  translation.  The  key  question  is,  what  aspect  of  the 
keyword  mediator  in  fact  produces  the  interference.  Our  current  explanation 
relies  on  conceptual  or  semantic  interference,  in  which  the  concept  cLaii 
spreads  activation  to  the  related  concepts  goat  and  flower .  Naturally  there 
are  other  possible  explanations  for  this  interference  effect  that  need  to  be 
ruled  out.  Recently,  we  completed  two  experiments  that  further  test  the 
conceptual  interference  account  (Crutcher,  in  preparation) . 

The  first  experiment  tested  the  conceptual  interference  hypothesis  as 
well  as  an  alternative  account  that  argues  that  the  mediating  semantic 
structure  is  no  longer  involved  in  retrieval.  Possibly  then,  the  source  of 
the  interference  effect  is  the  physical  similarity  of  the  keyword  cue  in  the 
paired  associate  task  to  the  Spanish  word  cue  in  the  Spanish-English  retrieval 
task.  In  other  words,  after  sufficient  practice,  a  direct  connection  is 
established  between  cabra  and  goat  with  the  goat  driving  the  cab  semantic 
structure  no  longer  playing  any  role.  The  acquisition  of  cab- flower  produces 
interference  in  trying  to  retrieve  goat  from  cabra  not  because  of  a  shared 
link  to  the  concept  cab  but  because  of  the  physical  similarity  of  the 
retrieval  cues  cab  and  cabra .  If  this  is  the  case,  then  learning  a  word  pair 
using  a  new  keyword  physically  similar  to  but  conceptually  distinct  from  the 
original  keyword  might  be  expected  to  produce  interference  just  as  the 
original  keyword  did.  For  example,  acquisition  of  and  extended  practice  with 
the  pair  cabra-aoat  would  be  followed  by  acquisition  of  the  pair  cob- flower  in 
which  the  word  _co.b  is  physically  similar  to  the  original  keyword  cab  (and 
therefore  to  the  Spanish  word  cabra)  but  semantically  distinct. 

In  this  experiment,  subjects  learned  Spanish-English  pairs  followed  by 
80  blocks  of  practice  to  promote  change  from  mediated  to  direct  retrieval  of 
the  vocabulary  items.  This  practice  was  followed  by  testing  and  then  for  some 
of  the  Spanish-English  pairs  our  original  interference  condition  and  for  other 
pairs  our  new  physical  interference  condition.  As  in  the  previous  studies, 
other  vocabulary  pairs  served  as  controls  with  no  new  response  acquired  to  a 
keyword.  Our  results  supported  the  conceptual  interference  account,  because 
we  found  longer  retrieval  latencies  for  the  original  interference  condition  (M 
=  1370  ms)  relative  to  both  the  physical  interference  condition  (M  =  1149  ms) 
and  the  control  condition  (H  =  1113  ms)  but  no  significant  difference  between 
the  physical -interference  and  control  conditions. 

To  provide  converging  evidence  for  this  account,  we  also  completed  a 
preliminary  experiment  in  which  we  employed  keywords  that  were  physically 
distinct  from,  but  semantically  related  to,  the  original  keywords.  We  first 
identified  synonyms  or  conceptually  similar  but  physically  distinct  English 
word  pairs  (e.g.,  coat  and  jacket) .  These  synonyms  served  as  keywords. 
Subjects  learned  a  foreign  word  using  the  keyword  coat  and  subsequently 
learned  a  new  association  to  jacket .  We  retested  the  foreign-English 
vocabulary  pairs  following  acquisition  and  five  blocks  of  retrieval  practice 
to  see  whether  learning  a  new  conceptual  association  to  the  mediating  concept 
would  slow  retrieval  of  the  foreign-English  pair. 
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A  new  wrinkle  in  this  study  was  that  instead  of  using  actual  Spanish 
vocabulary  for  the  foreign  words,  we  simply  made  up  "f6rei^“  words  (nonwords ) 
that  contained  or  shared  a  physically  salient  part  of  our  keywords  (for 
example,,  the  "foreign"  word  for  the  keyword  goa£  was  satSIOan)  •  Thus,  the  pair 
cot amon - f i naer  was  learned  using  coat  as  the  keyword  and  later,  after  a  period 
of  retrieval  practice,  the  new  pair  (1  was  learned.  This  new 

learning  was  then  followed  by  retesting  of  the  original  foreign-English  pair 
cntamon-finaer.  The  results  again  supported  the  conceptual  interference 
hypothesis:  Retrieval  of  the  original  vocabulary  pair  (ggCamgn-fihhgC)  was 
indeed  slowed  by  learning  a  new  pair  using  a  synonym  of  the  original  keyword 
Haclfgt-handkerehiefi  ;  the  retrieval  latency  for  the  conceptual  interference 
group  (M  =  1746  ms)  was  longer  than  that  for  the  control  group  (il  =  1544  ms) . 
Taken  together  these  two  experiments  lend  additional  support  to  the  conceptual 
interference  hypothesis  that  we  have  proposed.  Further  studies  in  this  vein 
are  planned  as  tests  of  this  account. 

Phonemic  Processes  ... 

In  a  second  study  investigating  foreign  language  vocabulary  acquisition 
(Feldman,  1994),  we  asked  whether  the  rules  of  pronunciation  in  a  student's 
first  language  influence  the  ease  of  learning  vocabulary  items  in  a  second 
language.  As  subjects,  we  used  native  Japanese  speakers  who  were  all 
intermediate  level  students  studying  English  as  a  Second  Language  (ESL)  at  an 
intensive  program  for  college-bound  foreign  students .  We  selected  24  common 
English  words,  with  the  words  paired  so  that  the  easy  member  of  each  pair  had 
a  pronunciation  that  would  be  familiar  to  a  Japanese  speaker  and  the  hard 
member  had  a  pronunciation  that  would  be  unfamiliar .  The  two  members  of  each 
pair  were  matched  in  terms  of  syllable  number  and  frequency  in  English.  For 
example,  a  native  Japanese  speaker  using  Japanese  rules  would  pronounce  the 
easy  word  “increase"  as  [inkur'is],  which  sounds  like  the  English  word,  but 
would  pronounce  the  hard  word  “involve"  as  [imborubu] ,  which  does  not  sound  at 
all  like  the  English  word. 

Subjects  were  given  two  vocabulary  tests  on  these  English  words.  In  the 
oral  test,  the  words  were  read  aloud  to  the  subjects,  and  in  the  written  test, 
the  words  were  read  silently  by  them.  The  order  of  the  two  tests  was 
counterbalanced  across  subjects.  In  both  tests,  the  subjects'  task  was  to 
select  the  correct  dictionary  definition  from  the  set  provided  to  them  on  a 
sheet  of  paper.  Thus,  in  this  experiment  we  did  not  teach  subjects  new  words, 
but  rather  tested  their  knowledge  of  common  words  they  had  been  exposed  to  in 
either  reading  or  listening. 

As  shown  in  Figure  5,  we  found  that  for  both  tests,  subjects  made  many 
more  errors  on  the  hard-to-pronounce  words  than  on  the  easy-to-pronounce 
words.  This  result  is  particularly  interesting  for  the  written  test  because 
nothing  was  spoken  or  heard  on  that  test. 

We  also  found,  as  shown  in  Figure  6,  that  subjects  were  aided  on  the 
hard  words  by  a  prior  test.  In  particular,  errors  on  the  hard  words  presented 
orally  were  decreased  when  those  words  had  previously  been  seen  in  written 
form.  This  effect  of  test  order  was  only  evident  for  the  hard  words  and  has 
important  implications  for  teaching  vocabulary.  Although  many  foreign 
language  programs  show  a  preference  for  oral  presentation  of  vocabulary  items, 
sometimes  relying  on  oral  presentation  exclusively,  it  may  be  very  useful  to 
combine  oral  with  written  presentation,  at  least  when  the  words  have  a 
pronunciation  not  found  in  the  first  language  of  the  student.  More  generally, 
the  results  of  this  study  imply  that  it  is  crucial  to  be  sensitive  to  the 
pronunciation  rules  of  the  first  language  when  teaching  foreign  vocabulary 
items  to  students. 
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Figure  5.  Mean  number  of  errors  on  the  oral  and  written -vocabulary  tests  for 
native  Japanese  speakers  on  hard-to-pronounce  and  easy-to-pronounce  words. 


Figure  6.  Mean  number  of  errors  on  the  oral  and  written  vocabulary  tests  for 
native  Japanese  speakers  on  hard-to-pronounce  and  easy-to-pronounce  words  as  a 
function  of  test  order. 


11 


Learning  Linguistic  Categories 


Abstract  discussed  concerns  the  learning  of  linguistic 

c.tegoSs  learniw  .  foreign  lengn.ge,  if  is  i«.ort^o  “Si“ 

learn  the  necessary  vocabulary,  but  also  to  learn  the 

categories  that  group  together  similar  vocabulary  items.  One  such  category  in 
Slish  'nLrns  the  distinction  between  count  and  ">-s  nouns.  Count  nouns 
can  be  defined  as  nouns  which  refer  to  discrete,  countable  obDects,  and  mass 

nouns  as  nouns  which  refer  to  undifferentiated  stuff. 

The  semantic  distinction  between  count  and  mass  nouns  is  correlated  with 

various  restrictions  on  the  grammatical  contexts  in 

typically  occur.  Two  of  the  major  correlations  are  the  following.  First, 
count  nouns  like  “book”  have  both  a  singular  and  a  plural 

like  "butter”  have  no  plural  form.  Thus,  for  example,  we  say  books  but  not 
“buJterf”  second,  count  nouns  do  not  take  the  quantifier  “much”;  mass  nouns 
do.  Count  nouns  (in  the  plural)  take  the  quantifier  _  ”^ny” ;  ^ss  nouns  do 
not.  Continuing  with  the  example,  we  say  “many  books  but  much 

To  account  for  these  correlations,  conventional  descriptions  of  English 
include  countability  as  a  grammatical  category.  Underlying  this  treatment  is 
the  assumption  that  these  correlations  constitute  a  unitary  phenomenon,  which 
can  and  must  be  accounted  for  by  a  single  abstract  mechanism.  Hence,  we  refer 

to  this  treatment  as  the  “abstract  model."  ^ 

Although  the  abstract  model  has  been  widely  accepted,  no  satisfactory 
abstract  analysis  of  the  count-mass  distinction  has  yet  been  devised.  As 
noted  earlier,  the  standard  criterion  is  the  distinction  between  nouns  that 
refer  to  discrete,  countable  objects  and  those  that  refer  to  undifferentiated 
stuff.  But  this  formulation  is  inapplicable  to  abstract  nouns.  There  are 
abstract  nouns  which  are  count  (“He  has  many  good  ideas" ) ,  and  those  which  are 
mass  ("We  received  too  much  advias" ) •  Yet  there  does  not  appear  to  be  any  way 
of  making  their  grammatical  treatment  as  count  or  mass  depend  on  properties  or 


their  referents.  ^  j 

Serwatka  (1987)  argued  that  the  difficulty  of  finding  an  adequate 
abstract  account  of  the  count -mass  distinction  argues  for  the  abando^ent  of 
the  abstract  model  in  favor  of  an  alternative  called  the  “local  model.'  The 
essence  of  the  local  model  is  that  grammatical  knowledge  is  organized  not  in 
terms  of  high-level  abstract  generalizations  or  categories,  but  rather  in 
terms  of  low-level  local  information  or  examples.  In  a  local  model,  the 
relevant  knowledge  concerns  allowable  word  combinations  of  individual  no^s 
and  determiners  or  quantifiers  (e.g.,  speakers  learn  the  combination  mudl 


Serwatka  and  Healy  (1989)  conducted  a  series  of  concept  attainment 
experiments  which  addressed  the  issue  of  choice  between  the  abstract  and  the 
local  paradigms  as  the  basis  of  the  grammar  of  the  count-mass  distinction. 
Clear  support  was  obtained  for  the  local  paradigm. 

This  finding  has  important  implications  for  foreign  language  training. 

It  suggests  that  it  cannot  be  assumed  that  foreign  language  learners  have 
access  to  abstract  grammatical  distinctions  included  in  a  structural  ^ 

description  of  their  native  language.  If  indeed  students'  knowledge  of  their 
first  language  can  be  best  described  by  the  local,  rather  than  the  abstract, 
paradigm,  it  would  seem  best  to  provide  local  as  well  as  abstract  information 
to  students  when  teaching  a  foreign  language. 

More  recently,  we  conducted  a  new  series  of  experiments  to  provide 
converging  evidence  for  this  conclusion.  In  this  series,  we  examined  the 
distinction  in  pronunciation  of  the  definite  article  or  ttiua)  (Hea  y 

&  Sherrod,  1994) . 
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It  is  well  known  that,  in  English,  the  indefinite  artt<^e  » j;" 

preceding  nouns  and  adjectives  ^^^inning  coinmonly 

used  preceding  words  beginning  with  a  Enaiish  dictionaries,  a  similar 

known,  however,  is  that  aocording  ”  Ihs.  «»en 

distinction  pertains  to  the  pronunciation  of  the  definite  at 

T.  l2:Tllon:Z’'%T.V"^'.  "«it“recSes  avowal  las  when  it  is 

bnH^r  :e -aiL^— 

*”  ^\:°rding1o'?he  =i“^rahi:r”el ,  the  and 

ass,  underlying  this  traditional  view  is  the  “pL“=t  construct 

wSrds^'^^atiL^'JLn  to  the  whole  scope  iHorcliar 

:stcri:  :Li:iS^/=hr::  s:  ..... 

=aS!i-r  L=tS^i“p^trus:^ly''d“1oi%aS,1rirar°Lg  re-gS'e^  o?  nouns 
tr  UuagL  uL'rrJ^  German,  or  Hebrew.  Alternatively^  subiects  might 

considir  a  combination  of  an  article  and  an  initial  '=“f 

an"l  or  a  combination  of  an  article  and  an  initial  phoneme  (such  as  the 

?L?  C  a  sellable  or  a  phoneme,  rather  than  an  entire  word,  could  act 
L  a  linLiitic  cue  for  the  article  pronunciation.  In  other  words,  the 
"ettion’i;  «  wh«  uvel  of  abstraction  does  the  subjects'  behavior  become 

"''"““^^VL^Shirtod  11994)  tested  whether  the  l°dal  model  can  explain  the 

behavior  of  adult  speakers  of  English  with  respect  to  the  nhuh/t(hg^ 

pronunciation  distinction.  We  used  a  concept  formation  task 

Lcause  it  provides  a  way  of  testing  for  tacit  knowledge  or  skill  which 

Objects  may  put  into  practice  even  though  they  may  be  unable  to  describe 

explicitly.  Three  conditions  were  compared  in  an  initial  experime  . 

th?L,  subjects  saw  a  list  of  72  nouns  or  adjectives  presented  ^  ' 

Half  of  the  words  began  with  a  consonant  and  half  with  a  vowel. 

coiLtions  for  each  word  subjects  were  to  choose  between  and  tiisfi.  In 

onfof  these  conditions,  subjects  received  feedback,  giving  f 

answer  after  every  choice,  whereas  no  feedback  was  provided  in  the  other.  .. 

third  condition  was  a  control  no-feedback  condition,  in  which  subjects  had  to 

make  a  choice  instead  between  a  and  an- 

The  results  are  suimnarized  in  Figure  7.  We  found  an  overall  error  rate 
in  the  azan  condition  of  about  1%,  indicating  that  subjects  behaved  in 
^LoiLS^wifh  the  .bstract  rule  for  the  ^  distinctibh.  The  ovet.ll  error 
rate  in  thuh/thee  with  feedback  condition  was  about 

feedback  enabled  subjects  to  learn  the  rule  for  the  £iiillZ,£i2S  -ondition 

contrast,  the  overall  error  rate  in  the  ghuh/ wit  out  ee  ac 

was  about  25%,  which  is  well  below  the  chance  level  of  50%  but  high  enough  to 

also  foSd  that  subjects  made  more  errors  overall  on 
with  a  vowel  (where  they  are  supposed  to  say  "thee")  than  on 
with  a  consonant,  especially  in  the  thuh/thsa  without  feedback  condition. 

This  effect  of  initial  sound  category  may  be  due  in  part  to  the  ac 
f.huh  pronunciation  is  considered  acceptable  preceding  a  vowel  in  some 
dialects.  However,  the  high  error  rate  in  the  bhuh/ thae  without  feedbac 
condition  cannot  be  simply  attributed  to  a  mixture  of  subjects  w  o 
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.s.d  b,Eo«  a  -“=1  P^ccly 

before  a  vowel  because  none  of  tne  sub:)ects  in  tnat  c 
consistent  selections  for  vowels. 


WITH  FEEDBACK  WITHOUT  FEEDBACK 

Condition 


Figure  7.  Proportion  of  errors  on  words  beginning  with  a  vowel  and  on  words 
beginning  with  a  consonant  as  a  function  of  condition. 

If  a  local  model  were  operating  rather  than  an  abstract  one  and  ^^e 
relevant  cues  considered  by  subjects  consist  of  words,  then 

perform  better  on  high-frequency  words  than  on  low- frec^ency  words  because 
htgh- frequency  words  are  more  familiar,  thereby  providing  subjects  w^^h  more 
ooportunity  to  encounter  them  and  to  reinforce  their  correct  '^sage. 
ak  effect  of  word  frequency  would,  thus,  support  the  version  of  the  local 
model  in  which  subjects  attend  to  word  combinations.  A 

still  be  consistent  with  the  present  findings,  however,  if  the  relevant  cues , 
instead  of  whole  words,  are  word  initial  ^^^ters,  phonemes  or  syllables  _ 

The  purpose  of  a  second  experiment  was  to  shed  some  light  on  the  nature 
of  the  cues  subjects  were  using.  There  were  two  conditions  in  this 
experiment— aZan  and  thuh/thee.  The  procedure  was  like  that  in  the  conditions 
without  feedback  of  our  initial  experiment.  A  new  list  of  nonspecial  ^ 

was  compiled,  including  some  beginning  with  a  vowel 
consonant  in  each  of  two  categories-high- frequency  words 

words.  In  addition,  there  was  a  set  of  special  words  from  the  following  four 


1)  Words  beginning  with  a  vowel  letter,  but  a  consonant  sound  {for  example, 

2)  WorL^ beginning  with  a  consonant  letter  but  a  vowel  sound  (for  example, 
"honor") .  All  of  these  words  began  with  the  silent  letter  h* 

3)  Words  beginning  with  the  letter  h  and  phoneme  /h/  for  which  the  first 
syllable  is  unstressed  (as  in,  “hotel")  or  weakly  stressed  (as  in, 
"hypothalamic" ) . 
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4)  Words  beginning  with 
syllable  is  stressed 
The  results  for  the 
Subjects  made  more  errors 
q'tzotos  on  -words  beginning 
consonant,  especially  for 
similar  findings  from  the 


the  letter  h  and  phoneme  /h/  for  which  tne  first 
(for  example,  "hundred"). 

nonspecial  words  are  summarized  in  Figure  s. 
on  ^ than  on  a/an.  Further,  they  made  more 

with  a  vowel  than  on  those  beginning  with  a 

the  t-bT,^h/thee  condition.  These  results  support  the 

initial  experiment. 


Fiaure  8.  Proportion  of  errors  on  nonspecial  words  beginning  with  a  vowel  and 
on  nonspecial  words  beginning  with  a  consonant  as  a  function  of  condition. 


The  effect  of  word  frequency  is  summarized  in  Figure  9.  It  is  clear 
that  subjects  in  the  thuh/thee  (but  not  those  in  the  condition)  made  more 

errors  on  low  frequency  than  on  high  frequency  words,  in  accord  with  the 
version  of  the  local  model  in  which  subjects  attend  to  word  combinations.  The 
effect  of  word  frequency  is,  however,  small,  suggesting  that  subjects  attend 

to  other  cues  as  well.  , 

The  effect  of  initial  letter/sound  category  for  the  special  words  in 
stimulus  Categories  1  and  2  is  shown  in  Figure  10.  Subjects  made  a  greater 
proportion  of  errors  on  words  beginning  with  a  consonant  letter  and  a  vowel 
sound  (like  "honor")  than  they  did  on  words  beginning  with  a  vowel  letter  and 
a  consonant  sound  (like  "one").  Note  that  for  the  condition  the  error 

proportions  are  considerably  below  the  chance  level  (.50)  for  words  in  both 
initial  letter/sound  categories  but  for  the  condition  the  error 

proportions  are  above  chance  for  words  beginning  with  a  consonant  letter  and  a 
vowel  sound  although  they  are  below  chance  for  words  beginning  with  a  vowel 
letter  and  a  consonant  sound.  Also  note  that  the  error  proportions  in  Figure 
10  for  the  special  words  with  a  mismatch  between  the  initial  sound  and  the 
initial  letter  are  higher  than  those  in  Figures  8  and  9  for  the  regular 
with  no  mismatch.  These  findings  together  indicate  that  the  subjects  attended 
to  both  the  initial  sounds  and  the  initial  letters  of  the  words,  even  for  the 
a /an  distinction. 
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Figure  9.  Proportion  of  errors  on  high-frequency  nonspecial  words  and  on  low- 
frequency  nonspecial  words  as  a  function  of  condition. 
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Figure  10.  Proportion  of  errors  on  special  words  beginning  with  a  consonant 
letter  and  vowel  sound  and  on  special  words  beginning  with  a  vowel  letter  and 
consonant  sound  as  a  function  of  condition. 

The  effects  of  syllable  stress  on  the  special  words  from  stimulus 
Categories  3  and  4  are  summarized  in  Figure  11.  For  the  words  beginning  with 
il,  subjects  made  more  errors  when  the  first  syllable  was  unstressed  than  when 
it  was  stressed.  This  effect  indicates  that  subjects  are  able  to  discriminate 
between  words  on  the  basis  of  syllable  stress,  not  just  on  the  basis  of 
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1-  ia  ailent  or  pronounced,  because  the  initial 

whether  the  initial  phoneme  is  siient  o 

phoneme  was  always  /h/  for  these  words. 


Figure  11.  Proportion  of  errors  on  speoi.l  words  “ 

end  phoneme  /h/  as  a  function  of  condition  and  stress  of  the  first  syllable. 

In  summary  this  experiment  not  only  provided  evidence  in  favor 

the  SI  Sllf  and  So  on  the  sound  of  the  initial  letter,  on  the  initial 

letter  itself,  and  on  the  stress  of  the  initial  syllable.  that 

Because  we  found  that  even  with  a  clear-cut  linguistic  distinction  t 

Students  during  foreign  language  instruction. 

.qtrate^  Transitions  linguistic  categories,  we 

investigating  two  general  kinds  of  strategy  transitions  that  co^itive 
psychologists  have  demonstrated  in  other  tasks  (Bourne,  Hea  y,  c.„biects 

Packer  in  preparation) .  First,  in  concept  formation  experiments,  subjects 

llllladllc  11  “icial  strategy  of  memorizihg  arbitrary  associations  between 

items  and  responses  by  rote,  but  later  make  a  transition  second 

nerformance  for  all  items  of  a  given  type  once  a  rule  is  discovered.  A  secon 

kind  of  strategy  transition,  from  rule  (or  algoritto)  our 

direct  retrieval  (or  instance)  ^ased  perfomance,  has  been  the  focus  of 
more  recent  research  on  mental  arithmetic  (e .g. ,  Rickard, 
existence  of  these  two  opposing  types  of  transition  raises  ®°“® 
questions  about  strategy  use  in  second  ^^^^uage  learning.  Under  ^ha 
conditions  does  practice  (that  is,  experience  with  the 

abstraction  of  rules  that  are  then  used  to  guide  performance.  Under  wh 
conditions  does  rule-based  processing  eventually  give  ^ay  to 
processing?  Are  there  language  learning  contexts  in  which  ^’^^® 

rule-based  performance  is  important  during  the  ^h^thf  iLguage' 

to  be  replaced  by  instance-based  performance  as  skill  with  the  language 

improves? 
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we  heee  completed  cwo  '”° 

pp^ented  strinje  of  three  letters  one  et  a 

indicate  whether  each  string  was  valid  or  invaiia.  =vneriment. 

determined  can  be  rearranged  to  correspond  to 

fa^^entlL  stjinrin  ti^  alphabet'  For  example  LW  is  ihvelld  but  FQP  is 

:™ud  i^wLidl'JerfprJSntertndivSually  JS^repHtedly  for 
Si^ick  on  their  responses  over  30  blocks  of  practice^  ,St"Se  waf  a“ 
one  novel  string  was  presented.  Subjects  if 

nnderlvina  rule  for  categorizing  the  strings  which  might  be  usetui 
Sjjoiirid.^ut  thL  their  primary  goal  was  to  learn  to  respond  as  fast  and  as 
accurately  as  possible  to  each  item.  Subject  ^ff»^^3ies  .er._probedjfter 
every  trial  to  determine  whether  they  guessed,  used  a  rule,  remembe 

“="*\^cSacy'”SeaLritLuy1ronb:Stll^i:-aroundSS^ 

Figure  12  Figure  13  shows  the  proportion  of  trials  on  which  each  stra  ^ 
was  selected,  Kllapsed  across  all  subjects  and  training  problems,  and  plotted 
aJ  a lunctioA  of  the  block  of  practice.  Although  all  subjects  ^ 

initially,  most  subjects  soon  discovered  and  started  using  ^ 

bv  Block  6  rule  use  began  to  give  way  to  an  instance  strategy  so  t  a  y 
end  o?  30  bloSs  Tf  practice,  subjects  exhibited  the  instance-based  strategy 

almost  exclusively. 


Figure  12.  Proportion  of  correct  responses  as  a  function  of  block  in 
Experiment  1  of  strategy  transitions  study. 

Response  time  patterns  provide  evidence  supporting  the  validity  of  the 
strategy  probing  data,  showing  that,  as  would  be  expected  in  this  task, 
performance  was  slower  when  the  rule  was  used  than  when  instance  memory  was 
used,  as  shown  in  Figure  14.  It  is  also  interesting  to  note  that  response 
times  sped  up  with  practice  and  the  speed-up  function  was  approximately  linear 
for  each  strategy  on  a  log-log  plot. 
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Figure  13 .  Proportion  of  trials  on  which  each  strata^  was  selected  as  a 
function  of  block  in  Experiment  1  of  strategy  transitions  study. 

Also  in  support  of  the  validity  of  the  strategy  probing  tectaii^e,  rule 
was  the  reported  strategy  only  18%  of  the  time  for  old 

time  for  novel  stimuli;  instances  were  the  reported  strategy  67%  of  the  time 
for  old  stimuli  but  only  13%  of  the  time  for  novel  stimuli; 

the  reported  strategy  only  14%  of  the  time  for  the  old  stimuli  but  45%  of  the 
time  for  the  novel  stimuli. 

The  second  experiment  in  this  series  explored  the  effects  of  practice 
frequency  of  use  of  rule-  and  instance-based  strategies  for  a  natural  tas  , 
pronunciation  of  the  word  .tks.  Twenty  subjects  were  presented  with  frequent 
English  words  one  at  a  time,  and  they  were  asked  to  indicate  whether  the 
correct  pronunciation  of  ths.  when  it  precedes  the  word,  is  thii.b  or  t.hfie. 
Correct  oerformance  in  this  case  depended  on  whether  the  first  soun  o  e 
word  is  a  consonant,  in  which  case  the  correct  pronunciation  was  thuft.  or  a 
vowel,  in  which  the  correct  pronunciation  was  .tkes-  This  rule  was  not 
explicitly  introduced  to  subjects,  but,  as  evident  from  our  earlier  study 
(Healy  &  Sherrod,  1994) ,  it  is  likely  that  it  was  known  to  some  of  the 
subjects  at  the  outset  of  the  experiment.  In  analogy  to  Experiment  1,  a 
single  set  of  12  words  (half  requiring  the  pronunciation  .tJn.uJa  and  half 
requiring  the  pronunciation  were  presented  repeatedly  over  30  blocks  of 

oractice  with  feedback.  On  every  third  block,  one  novel  word  was  presented. 
Subjects  were  informed  that  there  was  an  underlying  rule  which  might  be  useful 
if  employed,  but  that  their  primary  goal  was  to  learn  to  respond  as  fast  and 
as  accurately  as  possible  to  each  item.  As  in  Experiment  1,  subject 
strategi©s  were  probed  after  eveary  trial. 
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Log  Block 


Figure  14.  Log  reaction  time  for  the  rule  and  instances  strategies  as  a 
LLtion  of  log  block  in  Experiment  1  of  strategy  transitions  study. 

Accuracy  increased  from  about  80%  to  around  95%,  as  shown  in  Fi^re  15. 

rhnh/thee  iudqments.  Over  blocks  of  practice,  however,  the  rule 
strati^  b^afS  Lminate,  although  instance-based  strategies  ^ 

reported  frequently  throughout  practice.  By  the  end 

reported  rule  use  about  65%  of  the  time  and  instance  use  about  33%  of  the 

As  shown  in  Figure  17,  response  time  patterns  provide 
suoporting  the  validity  of  the  strategy  probing  data,  showing  that,  in  this 
task  performance  was  slower  when  instances  were  used  than  when  the  ^ule  was 
used’  This  is  the  reverse  pattern  of  Experiment  1,  but  is  perhaps  to  be 
™;ted  SeLiJe  tL  rule  is  much  easier  to  execute  in  this  task  There  was  a 
strong  mixture  of  both  rule-based  and  instance-based  strategies 
and  novel  items  throughout  practice.  Rule  was  the 

the  time  for  old  problems  and  62%  of  the  time  for  novel  problems,  instances 

Z  r«,r«d"str,te„  37%  c£  the  time  for  old  f%M‘ the  time 

time  for  hovel  problems,  and  gnessing  was  the  f  ® 

for  the  old  stimuli  and  8%  of  the  time  for  the  novel  stimuli.  These  result 
indicate  that  a  rule  was  discovered  by  most  subjects  during  practice,  an 
use  of  this  rule  generalized  to  new  items. 
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Figure  15.  Proportion  of  correct  response 
Experiment  2  of  strategy  transitions  stud 


Figure  16.  Proportion  of  trials  on  which 
function  of  block  in  Experiment  2  of  stra 
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o  Rule 


Figure  17.  Log  reaction  time  for  the  rule  and  instances  strategies  as  a 
function  of  log  block  in  Experiment  2  of  strategy  transitions  study. 


The  results  of  these  experiments  differed  in  which  of  two  strategies 
became  dominant  with  practice.  In  the  first,  which  involved  artificial 
strings  of  letters,  instance-based  strategies  became  dominant,  whereas  in  the 
second,  which  involved  a  naturalistic  linguistic  rule,  rule-based  strategies 
dominated.  The  tasks  used  in  these  two  experiments  differed  in  three 
ootentially  important  ways  which  could  have  contributed  to  the  strate^  use 
and  transitions  observed.  First,  rule  difficulty  varied,  with  the  rule  for 
Che  string  task  being  more  difficult  than  the  rule  for  the  pronunciation  task. 
Second,  the  tasks  varied  in  how  natural  they  were,  with  the  rule  for  the 
string  task  being  arbitrary  and  artificial  and  the  rule  for  the  pronunciation 
task  being  a  part  of  natural  language  skill.  Third,  the  rule  in  the  string 
task  was  unknown  to  any  subject  in  advance  of  the  experiment,  whereas  the  rule 
in  the  linguistic  task  was  at  least  partially  known  to  all  subjects  in 
advance.  In  our  current  research,  we  are  examining  these  three  differences  to 
determine  which  of  them  is  crucial  in  determining  the  strategy  that  eventually 
dominates . 


Functional  Units  of  Language 
Functional  Units  in  Reading 

We  have  been  using  a  simple  letter-detection  task  to  identify  the 
functional  units  of  language  involved  in  reading  text  (see  Healy,  1994,  for  a 
summary).  The  basic  letter-detection  task  involves  subjects  reading  text  and 
circling  each  instance  of  a  target  letter.  One  striking  finding  from  this 
task  is  that  subjects  make  an  extremely  large  proportion  of  errors  on  very 
common  words  like  the .  Drewnowski  and  Healy  (1977)  proposed  a  set  of 
"unitization"  hypotheses  to  account  for  such  findings.  According  to  these 
hypotheses,  we  can  identify  higher-order  units,  such  as  syllables,  words,  or 


22 


even  short  phrases,  without  having  to  complete  letter  identification.  The 
identification  of  these  higher-order  units  is  facilitated  by  familiarity.  For 
example,  common  words  are  identified  as  units  more  easily  than  rare  words. 
Because  letter  identification  is  not  always  completed  for  very  familiar  words 
like  .Liia,  many  letter  detection  errors  are  made  on  those  words. 

The  size  of  the  functional  units  used  in  reading  text  has  been  shown  in 
earlier  studies  to  depend  on  the  reading  ability  of  the  subjects;  the  size  of 
the  units  increases  as  the  subjects'  reading  ability  increases  (Cunningham, 
Healy,  Kanengiser,  Chizzick,  &Willitts,  1988;  Drewnowski,  1978,  1981).  These 
earlier  studies  have  been  limited,  however,  to  developmental  investigations 
with  children.  It  seems  likely  that  the  reading  units  used  by  adults  would 
also  vary  in  their  size  depending  on  the  individuals'  fluency  in  the  language 
of  the  text.  In  the  initial  stages  of  foreign  language  learning,  the  size  of 
the  functional  units  might  be  quite  small  and  limited  relative  to  those  of  the 
native  language.  We  refer  to  this  as  the  "limited  unit"  hypothesis. 
Alternatively,  the  size  of  the  units  used  in  a  foreign  language  may  coincide 
with  those  employed  in  the  native  language.  We  refer  to  this  as  the  "full 
transfer"  hypothesis . 

Because  it  is  crucial  to  focus  an  instructional  program  on  the  most 
appropriate  functional  units,  it  seems  important  to  determine  which  of  these 
alternative  hypotheses  governs  the  size  of  the  units  used  when  a  person  reads 
in  a  foreign  language.  Towards  that  end,  we  have  conducted  three  experiments 
that  employ  the  letter  detection  paradigm.  In  the  first  experiment  (Buck- 
Gengler  k  Healy,  1995),  subjects  were  divided  into  eight  groups  which  varied 
in  their  experience  with  the  German  language,  and  the  texts  read  by  them  were 
in  German.  One  group  of  subjects  consisted  of  native  English  speaking 
undergraduates  who  had  no  training  in  German.  Six  groups  consisted  of  native 
English  speaking  undergraduates  currently  taking  a  course  in  German.  There 
were  five  different  levels  of  German  courses  employed,  and  students  in  the 
first  level  were  divided  into  those  who  had  not  and  those  who  had  previously 
studied  German.  The  last  group  of  subjects  were  native  speakers  of  German. 

For  a  subset  of  the  students,  we  had  verbal  SAT  scores,  which  we  used  as  an 
index  of  their  reading  proficiency  in  English. 

The  passage  subjects  read  was  a  short  story  in  German.  The  target 
letter  was  and  the  high  frequency  test  words  containing  d  were  the  German 
definite  articles  and  the  German  word  for  "and. "  According  to  the  limited 
unit  hypothesis,  the  size  of  the  units  employed  should  be  a  direct  function  of 
the  subjects'  fluency  in  the  language  they  are  reading,  German,  whereas 
according  to  the  full  transfer  hypothesis,  the  size  of  the  units  used  should 
be  a  direct  function  of  the  subjects'  fluency  in  their  native  language, 

English. 

The  results  are  summarized  in  Figure  18.  Fluency  in  German  did  indeed 
determine  the  magnitude  of  the  difference  between  errors  on  high  and  low 
frequency  test  words,  with  a  bigger  difference  as  German  level  increased,  in 
accordance  with  the  limited  unit  hypothesis. 

A  further  test  of  this  hypothesis  is  provided  by  the  data  from  the 
students  who  had  SAT  scores  available.  We  found  that  fluency  in  English,  as 
reflected  in  SAT  scores,  did  XXQL  have  any  clear  relation  to  the  pattern  of 

errors  on  high  and  low  frequency  test  words,  which  is  also  consistent  with  the 
limited  unit  hypothesis. 

In  Jne  second  experiment  (Buck-Gengler ,  Romero,  Healy,  &  Bourne,  in 
preparation) ,  subjects  were  asked  to  read  and  detect  target  letters  in  normal 
English  text.  The  subjects  were  students  of  ESL  from  two  different 
populations:  native  speakers  of  languages  that  use  the  Roman  alphabet  (as  does 
English)  and  native  speakers  of  languages  that  use  alphabets  other  than  Roman 
(for  example,  Japanese).  One  prediction  of  the  limited  unit  hypothesis  is 
that  the  runctional  unit  will  be  larger  for  subjects  whose  first  language  uses 
the  Roman  alphabet,  than  for  subjects  whose  first  language  does  not  use  the 


23 


Roman  alphabet.  Subjects  read  a  short  prose  passage 
target  ii.  The  high-frequency  test  word  was  tne. 


and  searched  for  the 


Level  of  German 


Figure  18.  Proportion  of  letter  detection  errors  as  a  function  of  test  word 
frequency  and  fluency  level  of  German. 

As  shown  in  Figure  19,  the  unitization  effect  (i.e.,  the  high  proportion 
of  detection  errors  on  ^  relative  to  that  on  other  words)  was 
subjects  whose  first  language  used  the  Roman  alphabet  ^ 

first  language  used  a  non-Roman  alphabet.  This  effect  of  first-language 
alphabet  has  important  implications  for  foreign  language  instruction,  because 
it  implies  that  the  instruction  should  depend  at  least  to  some  extent  ^  the 
nature  of  the  students'  first  language  and  its  similarity  to  the  foreign 

language  they  are  learning.  ,  ^  j 

We  conducted  a  third  experiment  that  employs  the  letter  detection 
paradigm  with  native  speakers  of  Chinese  and  English  {Tao,  Healy,  &  Bourne, 
ITess)  Five  different  participant  groups  were  tested.  Three 
Ltive  sneakers  of  Chinese;  the  first  of  these  groups  was  tested  in  Beijing, 
China  and  consisted  of  elementary  school  children  who 
first-  or  second-grade  and  who  had  no  exposure  to  English  although 
familiar  with  the  English  alphabet  because  it  is  used  as  a  phonetic  spelling 
system  with  Chinese  pronunciation.  The  second  group  of  native  Chinese 
speakers  was  also  tested  in  Beijing  and  consisted  of  adults 

English  in  high  school  but  did  not  use  English  much  in  their  daily  activities. 
The  third  group  of  native  Chinese  speakers  was  tested  in  Kong  and  Taipei, 

Taiwan  at  two  international  linguistic  conferences  and  consisted  of  lin^ists 
who  had  received  doctorate  degrees  from  either  the  United  States  or  *2re 
Britain.  They  were  approximately  the  same  age  as  the  other  Chinese  a  u  . 
The  last  two  groups  of  participants  were  native  English  speakers  tested  in 
Boulder,  Colorado.  One  of  these  groups  consisted  of  University  of  Colorado 
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^  ^h<a  Other  consisted  of  faculty  members  at  the  University 
undergraduates,  and  the  other  consiste  r  ^^ncmistics  Religious  Studies,  or 
of  Colorado,  who  had  doctorate  degrees  m  Linguistics,  Keiigio 

Psychology. 
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Figure  19.  Proportion  of  letter  detection  errors  as  a  function  of  test  word 
and  first- language  alphabet. 

Each  participant  was  given  the  letter  detection 
with  the  target  letter  h-  The  results  are  summarized  in  Figure  20  m  terms  ot 
proportions  of  detection  errors  for  the  word  ilia  and  for  other  (less  familiar) 
test  words  as  a  function  of  participant  group. 
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Figure  20.  Proportion 
and  participant  group. 


of  letter  detection  errors  as  a  function  of  test  word 
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The  Chinese  children  with  essentially  no  previous  exposure  to  English  showed 
lo  difference  in  error  rates  between  the  word  and  the  other  test  words, 

whereas  the  Chinese  adults  who  knew  English  but  did  not  use  it  frequently 
sS  a  small,  nonsignificant  effect  of  unitization  -  namely,  a  greater 
proportion  of  errors  on  the  than  on  other  test  words.  n  co  ra 
three  groups  tested,  all  of  whom  were  fluent  in  English,  s  owe  arge, 
reUabL  effects  of  unitization.  These  findings  are  .ize 

limited  unit  hypothesis,  according- to  which  reading  units  vary  i 
depending  on  the  readers'  fluency  in  the  language  of  the  text. 

F,,nctionalJJn|ts  in^Memo^^^^^^^  Healy,  Ericsson,  &  Bourne,  1989),  we  used  a 

version  of  the  letter  detection  task  as  a  means  to  illuminate  the  memory 
^Ifffsentations  of  stored  text  material.  Specifically,  subjects  memorized 
short  texts  and  then  searched  memory  for  target  letters  in  the  texts,  writing 
down  every  word  in  sequence  that  contained  a  target.  This  task,  which  re  i 
on  memory,  was  compared  to  on-line  visual  and  auditory  baseline  tasks  in  which 
subjects  either  read  or  heard  texts  and  wrote  down  eve^  word  containing  a 
target  as  they  were  encountered.  For  the  visual  baseline  tas  ,  su  ]ec  s 
shoSed  the  typical  signs  of  unitization  found  with  the  standard  procedures; 
that  is,  they  missed  more  targets  in  common  than  in  rare  words.  In  contrast, 
there  was  no  difference  between  errors  on  common  and  rare  words  for  the 
auditory  baseline  task.  We  found  striking  individual  differences  in  the 
pattern  of  errors  on  the  memory  cask,  and  these  differences  were  related 
subjects'  retrospective  verbal  reports  concerning  the  memory  representation 
they  used  to  store  the  text.  Those  subjects  who  said  that  they  searched  a 
visual,  or  image,  representation  of  the  text  in  memory  showed  the  standard 
unitization  pattern  (i.e.,  they  missed  more  targets  in  comon  than  in  rare 
words),  whereas  those  subjects  who  said  that  they  searched  an  auditory,  o 
sDoken,  representation  of  the  text  in  memory  showed  an  error  pattern  similar 
to  that  found  in  the  auditory  baseline  condition  (i.e.,  no  difference  between 

errors  on  corninon  and  rare  words)  .  j  *- 

This  work  suggests  chat  it  may  be  important  when  teaching  students  a 
foreign  language  to  keep  in  mind  that  individuals  differ  in  their  preferred 
memory  representation  and  that  the  memory  representation  they  select  may 
determine  the  optimal  training  strategy.  In  a  new  pair  of  experiments 
(Schneider,  Healy,  &  SCeinhart,  1996),  we  started  by  replicating  this  evidence 
for  individual  differences  in  memory  representation. 

Subjects  were  shown  a  short  passage  to  memorize  across  five  successive 
study- test  memorization  trials.  By  the  last  trial,  all  subjects  wrote  down 
the  passage  from  memory  without  any  errors.  After  memorization,  they  were 
asked  to  search  through  their  memory  representation  of  the  passage  and  write 
down  every  word  that  contains  the  target  letter  Ji. 

We  divided  subjects  into  two  groups  depending  on  their  retrospective 
report  concerning  memory  type — auditory  and  visual.  In  accordance  with  the 
findings  in  our  earlier  study,  we  expected  subjects  in  the  visual  group  but 
not  those  in  the  auditory  group  to  show  the  typical  signs  of  visual 
unitization--namely,  more  detection  errors  on  the  common  word  than  on 

other  words  containing  an  b-  As  evident  from  Figure  21,  which  summarizes  our 

results,  this  prediction  was  confirmed. 

The  aim  of  our  next  experiment  was  to  reveal  how  flexible  is  the 
subjects'  choice  of  memory  representation.  To  assess  flexibility,  we  varied 
the  instructions  given  to  subjects  concerning  the  memory  representation  they 
should  adopt.  In  one  condition,  we  instructed  subjects  to  use  a  visual  memory 
representation  and  in  another  condition  we  instructed  them  to  use  an  auditory 
memory  representation.  If  the  memory  representation  is  flexible,  then 
subjects  in  the  visual  instruction  group  should  show  the  pattern  of  letter 
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detection  errors  found  for  subjects 
representation,  and  subjects  in  the 
pattern  of  letter  detection  errors 
auditory  memory  representation. 


who  report  using  a  visual  memory 
auditory  instruction  group  should  show  the 
found  for  subjects  who  report  using  an 


Memory  Report 


Figure  21.  Proportion  of  memory  detection  errors  as  a  function  of  test  word 
and  reported  memory  representation. 

Our  experiment  yielded  strong  evidence  for  flexibility.  The  results  are 
summarized  in  Figure  22. 


Figure  22.  Proportion  of  memory  detection  errors  as  a  function  of  test  word 
and  instructed  rneiriory  representation. 
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Subjects  in  the  visual  instruction  group,  but  not  those  in 

instruction  group,  made  more  detection  errors  on  the  common  word  than  on 

other  words  containing  an  h-  We  also  found  that  the  instructions  influenced 
errors  on  the  five  memorization  trials  preceding 

auditory  instruction  group  made  almost  four  times  as  ^  subjects  in  the 

phrase  substitutions  (M  =  1.708)  during  memorization  as  did  subjects  the 

visual  instruction  group  (M  =  -458).  A  possible  explanation  for  this  finding 
is  that  content  word  or  phrase  substitutions  result  largely  from  a 
reconstruction  process  that  occurs  when  subjects  visualize  the  scene  describ 
by  the  passage  rather  than  the  words  in  the  passage.  This  reconstruction 
process  would  seem  more  likely  to  occur  for  subjects  hearing  the  words  in  the 
passage  than  for  those  seeing  the  words  in  the  passage  because  it 
difficult  to  visualize  the  scene  and  the  words  at  the  same  time.  In  any 

event,  these  results  provide  evidence  that  the 

memory  representation  used  at  the  time  of  encoding  as  well  as  that  used  at  the 

°More  generally,  our  findings  suggest  that  subjects  do  , 

control  over  the  memory  representation  they  use  to  store  text 
that  the  chosen  representation  may  profoundly  affect  what  they  can  retrieve 
from  memory.  The  implication  for  foreign  language  training  is  that 
instructors  may  influence  not  only  what  is  learned  by  su  ^ec  s 
is  stored  in  memory.  Instructors  should  advise  students  to  use  the 
representation  that  would  be  most  helpful  given  their  particular  ^^bse^ent 
retrieval  needs.  Because  these  needs  are  probably  difficult  to  anticipat  , 
may  be  best  to  encourage  students  to  adopt  multiple  forms  of  memory 
representation . 


Message  Comprehensibility 


Ai  r-Ground  rommunication 

The  last  issue  we  shall  discuss  involves  message  comprehensibility. 
Nonnative  speakers  of  a  language  often  comment  on  the  high  speed  with  which 
native  speakers  talk.  When  listening  to  a  foreign  language,  normative 
speakers  often  are  unable  to  tell  where  one  word  ends  and  another  begins.  We 
have  all  been  in  situations  where  we  had  to  ask  a  speaker  to  slow  down  or  to 
repeat  one  item  at  a  time  when  specific  instructions  were  involved.  These 
shared  experiences  suggest  that  both  the  rate  of  speech  and  the  number  of 
propositions  spoken  affect  comprehension. 

Speech  rate  and  the  niomber  of  propositions  in  an  utterance  may  interact 
in  crucial  ways  to  affect  comprehension  and  retention  of  the  utterance.  In 
the  present  study,  we  examine  this  interaction.  To  focus  our  investigation, 
we  explore  this  issue  in  a  specific  concrete  domain  in  which  the  problem  has 
potentially  fatal  consequences,  namely  communication  between  air  crews  and  air 

traffic  controllers.  ,  .  ^  ^  i 

To  begin  our  research,  we  conducted  a  detailed  analysis  of  an  actual 
half-hour  recording  of  air-ground  communication  at  an  international  airport 
(Barshi,  in  preparation).  This  analysis  revealed  two  main  findings.  First, 
flight  crews  were  only  likely  to  misunderstand  the  air-traffic  controllers 
instructions  when  these  instructions  included  four  or  more  propositions;  such 
misunderstandings  did  not  occur  when  the  instructions  were  shorter.  Second, 
among  the  long  instructions,  more  misunderstandings  occurred  when  the  speech 
rate  was  fast  than  when  it  was  slow.  The  following  is  an  example  from  this 
recording  of  a  partial  and  erroneous  pilot's  read  back  of  instructions  given 
by  a  controller.  The  controller  instructed  the  crew:  "Expo  nine  two  you're 
niner  miles  from  Laker,  turn  left  heading  three  one  zero,  maintain  three 
thousand  till  established  on  the  localizer,  cleared  ILS  runway  two  eight  right 
approach,  maintain  one  seven  zero  knots  until  Laker."  To  which  the  pilot 
responded,  "That's  two  one,  uh  zero  on  the  heading  and,  uh-  one  seventy  till 
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Laker."  The  pilot  read  back  the  ' als^negle^ed  to 

instead  of  "thr««  one  zero  .  _j  t^e  approach  clearance  and  omitted 

fatal  accident.  nroposition  is  the  functional  unit  of  language  most 

We  assume  ^  „e  assume  that  speech  rate  should  be 

relevant  to  our  study.  \ua  first  involving  the  rate  at  which 

decomposed  into  two  componen  ,  gg^ond  the  duration  of  the  pauses 

individual  items  are  uttered  a  experiments,  we  independently  manipulate 

separating  contiguous  items.  In  our  ,he  duration  of  each 

test  for  comprehension.  h^r  instructions,  repeat  the 

Specifically,  in  our  instructions  describe  movements 

instructions  aloud,  and  then  follow  them^  /g®  i^Jerscreen,  including  four 

in  a  simulated  A  sample  instruction  including  three 

g,ids  tlTlll  clin^  down  one  level; 

-e  SU  "  The’subiect  hears 

instruction.  “  ^®"°““*"„gSM,“J%licking  each  appropriate  square 

computer  mouse  to  follow  the^ahjtruc  '„3cr„ctions,  we  employ  two  speech 

rates^and^ii  utterance  lengths,  varying  from  one  to  six  E't°P°;ttions . 

subjects  Ptogress  through  pr.ctice^trials^follo^^byjix^o^^^,^.^_^^^ 

Eil  i“:^r 

SEEceTre“on?:Jndinrt^^^^^^^ 

"""““fLrfirsnxJSSnt’tBarshi,  1995.,  speech  rate  was  "hhiP“l“ed  by 
varying  only  the  pause  "“,:"^:33'rTarge°e£fLt  of  the  number 

ofSoposItioX^and  a  smaller  but  significant  interaction  of  rate  and  number 

of  Figure  24,  subjects  improved  significantly  as 

iL!S  Sr-eirgrei”  iSrHurn  1"!=  — -n-Sis 

or  rhe  duration  of  the  words  themselves.  ^ 

The  instructional  messages  used  in  aviation  contain  redundant  ele^^  . 

For  instance  pilots  may  be  told  to  "turn  left,  heading  three-one- zero , 
which  Che  wo^ds  -turn-  and  -heading-  might  seem  unnecessw-  We 
whether  such  redundancy  would  affect  message  J 

subsequent  experiment  (Barshi  a  Healy,  in  preparation-..  ,  we  =»Pared 
redunSant  messages  of  Che  type  described  earlier  tn. 

includina  only  the  critical  words.  For  example,  with  the  redundant  zorm^^ 
sSiefts^ere^nstructed,  "Turn  left  two  sguares;  climb  down  one  level;  move 
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Figure  24.  Proportion  of  correct  respons 
of  propositions. 


as  a 


function  of  block  and  number 


The  results  are  shovm  in  Figure  25.  As  in  our  initial  '  'J® 

;^o”norpf;=™i“s:  wS^a^p:? 

in  the  nurtber  of  words  was  as  great  for  the  doubling  of  propositions  as  for 
the  redurdancy  manipulation.  Although  in  our  laboratory  task,  the  redundant 
words  add  no  meaning,  in  an  actual  flight 

because  it  clarifies  potential  ambiguities.  For  example,  in  the  instruction 
"turn  left,  heading  three-one-zero, "  the  word  "heading"  may  seem  unnecessary. 
However  the  numbers  "three  one  zero"  could  represent  a  compass  heading  of  310 
dearlS:  fJpe^of  310  knots,  or  an  altitude  of  31,000  feet.  Thus,  the  word 
"heading"  is  needed  to  disambiguate  this  message.  Hence,  we  interpret  our 
iTnti^s  of  no  disadvantage  in  performance  for  longer  red^dant  messages  to 
imply  that  controllers  should  use  some  redundancy  to  avoid  potential 
ambiguities,  because  minimal  messages  do  not  improve  performance. 


1  2  3  4  5  6 


Number  of  Propositions 

Figure  25.  Proportion  of  errors  as  a  function  of  message  redundancy  and 
n'omber  of  propositions. 

Finding  an  effect  of  number  of  propositions  is  not  surprising  because 
with  each  additional  proposition,  there  is  an  additional  memory  load  and 
performance  requirement.  To  determine  whether  number  of  propositions  has  a 
list-length  effect  (i.e.,  affects  memory  for  and  performance  on  a  single 
proposition) ,  we  also  examined  the  proportion  of  errors  on  the  first 
proposition  alone.  The  results  are  shown  in  Figure  26.  It  is  clear  that 
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there  is  a  large  list  length  effect  even  when  only  the  first  proposition  is 
examined  and  still  no  effect  of  message  redundancy. 


Figure  26.  Proportion  of  errors  on  the  first  proportion  only  as  a  function  of 
msssage  redundancy  and  number  of  propositions. 

In  these  initial  experiments,  we  employed  only  native  speakers  of 
English.  However,  because  English  is  the  international  language  of  aviation, 
there  are  many  situations  in  which  pilots  are  nonnative  speakers  of  English. 
Hence,  in  our  next  series  of  experiments  (Barshi  i  Healy,  in  preparation  b) , 
we  examined  situations  in  which  the  listeners  were  normative  English  speakers . 
We  wondered  whether  a  slow  speech  rate  and  a  high  message  redundancy  would 
improve  performance  in  such  situations.  We  have  completed  three  experiments, 
which  paralleled  three  of  our  earlier  experiments,  the  first  varying  speech 
rate  by  manipulating  the  pause  duration  between  words,  the  second  varying 
speech  rate  by  manipulating  the  length  of  the  words  themselves,  and  the  third 
varying  message  redundancy  in  the  manner  just  described.  In  each  of  these 
experiments,  we  tested  6  native  and  12  normative  speakers  of  English.  We  used 
a  median  split  procedure  to  divide  the  nonnative  speakers  into  low- fluency  and 
high- fluency  groups  on  the  basis  of  their  performance  on  a  listening 
comprehension  test,  which  was  a  computerized  test  that  we  developed  based  on 
the  listening  comprehension  portion  of  the  TOEFL  test.  This  test  of  English 
as  a  foreign  language  is  used  by  United  States  universities  to  assess  the 
English  proficiency  of  foreign  applicants  for  undergraduate  and  graduate 
studies.  In  our  test,  participants  heard  10  spoken  sentences;  for  each  one 
they  were  shown  on  the  computer  screen  four  sentences  and  were  asked  to  select 
the  one  sentence  closest  in  meaning  to  the  one  they  heard. 

In  Experiment  1,  speech  rate  was  either  slow  (i.e.,  there  was  a  750  ms 
pause  inserted  between  words)  or  fast  {i.e.,  there  was  no  added  pause  between 
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message  length  and  fluency  level. 


Length 


Figure  27  .  Proportion  of  errors  as  a  function  of  message  length 

livel  in  Experiment  1  of  the  study  involving  normative  speakers  of  English. 


It  is  clear  that  message  length  had  a  very  i, 

level.  Again,  to  determine  whether  message  length  has  a  f 

this  situation,  we  also  examined  the  proportion  of  errors  on  the  first 
propoJiSSn  a?;ne.  Figure  28  shows  that  this  effect  of  message  length  occurs 
even  when  only  errors  on  the  first  proposition  are  examined. 


Length 


Figure  28.  Proportion  of  errors  on  the  first  proposition  only  as  a  function 
of  message  length  and  fluency  level  in  Experiment  1  of  the  study  involving 
normative  speakers  of  English. 


Fig'jre  29  shows  the  proportion  of  errors  as 
fluency  level.  Speech  rate  had  minimal  and 
the  low  fluency  group  of  participants. 


a  function  of  speech  rate  and 
nonsignificant  effects,  even  for 


■  Fast 
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Group 

Figure  29  Proportion  of  errors  as  a  function  of  speech  rate  and  fluency 

in  Experiment  1  of  the  study  involving  normative  speakers  of  Engli  . 

in  Experiment  2,  we  compared  normal  speech  with  compressed  speech,  in 
wh^ch  eLrSord  was  compressed  to  either  50%  or  75%  of  its  original  length 
while  maintaining  intelligibility.  Again,  message  °;®ion 

:rerr:?rirrfunc^5:n-^^^^  Sn^h-n^^?:ren;j  -^r^ekfror 

level  and  message  length,  because  the  disadvantage  for  the  f 

;:ourLs  greatest  at  the  shorter  message  lengths.  Figure  31  shows  that  both 
min  effecL  of  fluency  and  of  message  length  occur  even  when 

t-e  first  proposition  are  examined.  Figure  32  shows  the  proportion  of  errors 
as  a  function  of  speech  rate  and  fluency  level.  Again  speech  rate  had  minimal 
and  nLsignificant  effects,  even  though  we  used  compressed  speech  which  we 
exoected  to  pose  problems  for  nonnative  speakers.  -,,,- 

In  Experiment  3,  we  compared  redundant  “  Again 

scuares,"  with  the  corresponding  minimal  messages,  such  as  Left  '  ^  ' 

-essage  length  varied  from  one  to  six  propositions.  The  results 
'-^aure  33  iS  terms  of  proportion  of  errors  as  a  function  of  message  length  and 
-"uency  level.  Once  again  message  length  had  a  very  large  effect  ®®® 
"uencj  level.  Note  in  particular  that  there  was  a  very  steep  increase  in  the 
c'opor^ion  of  errors  as  the  message  length  was  doubled  by  increasing  from  two 
-o  four  propositions.  Figure  34  shows  that  this  effect  of  message  length 
'-ccurs  even  when  only  errors  on  the  first  proposition  are  examined.  In 
contrast  as  shown  in  Figure  35,  for  all  three  fluency  levels  there  was 
virtually  no  change  in  the  proportion  of  errors  as  the  messages  ■-"®^® 
from  the  redundant  four  words  per  proposition  to  the  minimal  two  words  p 
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Group 


Figure  32.  Proportion  of  errors  as  a  function  of  speech  rate  and  fluency 
level  in  Experiment  2  of  the  study  involving  nonnative  speakers  of  English. 
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Figure  33.  Proportion  of  errors  as  a  function  of  message  length  and  fluency 
level  in  Experiment  3  of  the  study  involving  nonnative  speakers  of  English. 
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Figure  34.  Proportion  of  errors  on  the  first  proposition  only  as  a  function 
of  message  length  and  fluency  level  in  Experiment  3  of  the  study  involving 
normative  speakers  of  English. 
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Figure  35.  Proportion  of  errors  as  a  function  of  message  redundancy  and 
fluency  level  in  Experiment  3  of  the  study  involving  nonnative  speakers  o 
English. 


in  these  experiments  with  normative  speakers  of  English,  we  have 
essentially  replicated  our  earlier  results.  Finding  t  e  same  p 
results  with  normative  speakers,  even  those  with  low  ^ 

native  speakers  of  English  suggests  that  our  results  re  ec 
processes  that  are  language  independent,  such  as  memory  process e 

Overall,  our  findings  imply  that  to  insure  maximal  message 
comprehensibility,  speakers  should  reduce  the  number  of  propositions  included 
in  a  given  utterance  but  employ  a  speech  rate  and  a  level  of  redundancy  at 
which  they  are  most  comfortable* 

Mpmorv  Skills 

Most  recently  we  have  initiated  studies  that  extend  our  previous 
research  by  examining  training  situations  beyond  those  limited  to  the  forei^ 
language  domain  and  by  emphasizing  the  qgnsgalizabillt:^  of  what  is  learned 
retained.  This  new  emphasis  was  prompted  by  two  main  outcomes  of  our  earlier 
studies.  First,  we  found  an  amazing  durability  of  knowledge  and  skills  in 
certain  domains  which  we  explained  in  terms  of  a  "procedural  reinstatement 
hypothesis,”  according  to  which  long-term  retention  depends  on  the  extent  to 
which  test  procedures  (i.e.,  operations)  reinstate  U.e.,  repeat)  procedures 
employed  during  learning  {see,  e.g.,  Healy,  Fendrich,  Crutcher,  Wittman,  Gesi, 
Ericsson,  &  Bourne,  1992).  Second,  we  found  that  typically  the  more  durable 
Che  memory  for  a  certain  kind  of  knowledge  or  skill,  the  less  generalizable  i 
is  beyond  the  circumstances  in  which  training  took  place  (see,  e.g.,  Hea  y, 
King,  Clawson,  Sinclair,  Rickard,  Crutcher,  Ericsson,  &  Bourne,  1995) .  Thus, 
we  were  able  to  identify  training  conditions  that  promote  durable  memory,  bu 
we  have  only  now  begun  to  explore  ways  of  promoting  the  generalizability,  or 
cransferability,  of  those  durable  memories.  This  need  is  particularly  crucial 
to  military  tasks  because  training  circumstances  can  rarely  capture  the  full 
set  of  circumstances  under  which  these  tasks  are  encountered  in  the  field. 

Following  this  new  emphasis,  we  have  begun  to  investigate  ways  to 
oromote  the  generalizability  and  transfer  of  memory  skills.  We  started  with 
the  message  comprehensibility  paradigm  just  summarized,  but  we  simplified  t  a 
paradigm,  removing  the  linguistic  component,  to  isolate  the  memory  skill 
component  (Marmie,  1996)  .  Specifically,  we  used  a  single  grid  including  64 
squares.  For  the  memory  task,  subjects  viewed  one  square  at  a  time 
highlighted  on  this  grid.  Unlike  our  study  of  message  comprehensibility,  in 
this  memory  task  the  location  of  the  first  highlighted  square  varied  across 
trials,  and  the  location  of  any  subsequent  highlighted  square  did  not  depend 
on  the  location  of  the  previously  highlighted  square.  Also,  unlike  our  study 
of  message  comprehensibility,  nothing  was  heard  or  spoken  by  the  subjects  in 
this  memory  task;  their  task  was  simply  to  repeat  the  sequence  of  highlighted 
squares  by  clicking  the  appropriate  squares  of  the  grid  with  a  mouse.  But 
like  our  study  of  message  comprehensibility,  we  systematically  varied  the 
number  of  squares  in  the  sequence. 

We  began  with  the  hypothesis  that  the  best  way  to  promote 
generalizability  of  this  spatial  memory  skill  would  be  to  practice  the  memory 
task  under  varied,  rather  than  constant,  training  conditions  (see,  e.g., 
Schmidt  &  Bjork,  1992) .  This  variability  of  practice  hypothesis  first  emerged 
in  research  on  the  transfer  of  training  of  motor  skills,  but,  to  our 
knowledge,  it  has  not  previously  been  investigated  for  memory  skills. 

To  test  the  variability  of  practice  hypothesis  for  memory  skills,  we 
compared  five  different  types  of  practice  schedules  across  subjects  in  our 
first  experiment.  The  first  three  types  all  involved  constant  practice 
scheduling  on  a  single  task.  Specifically,  one  group  of  subjects  practiced 
with  sequences  of  3  squares  in  length,  a  second  group  with  sequences  of  4 
squares  in  length,  and  a  third  group  with  sequences  of  5  scpares  in  length. 

The  last  two  types  both  involved  variable  practice  scheduling  on  two  tasks 
differing  in  sequence  length.  Subjects  in  both  of  these  groups  practiced  with 
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both  sequence  length  3  and  sequence  length  5 .  ^^block  of°training,^ 

subjects  oracticed  with  a  single  sequence  length  in  each  block  of  tra^ing^ 
whereas  in  the  variable  random  group,  subjects  practiced  with  bo  qu 

lengths  mixed  randomly  in  every  block  of  training.  subiects  were  given 

Following  8  blocks  of  training  of  8  trials  each,  all 

a  series  of  transfer  blocks  in  a  co^terbalanced  order^  g  Sare^  E^h 
inTrnived  a  different  sequence  length,  ranging  from  2  to  6  squares.  tacn 
transfer  condition  had  several  different  relationships  to  the  various  training 
r-nnHitiors  Soeci f icallv /  the  transfer  condition  could  either  match  or 

condition,  and  a  ads.atch 

First  t-e  transfer  condition  could  occur  either  within  or  outside  the 
practiced  range.  Second,  the  transfer  condition  could  occur  either  to  a  mor 
difficult  or  to  a  less  difficult  task.  Our  procedural  reinstatement 
hypothesis  leads  to  the  prediction  that  transfer  should  ^ 

marrh  between  training  and  transfer  conditions,  and  the  variability 
^SicJ”JStSirieada  Co  Che  prediction  chat  cranafer  should  be  better  for 
var?ab"  S?niS  than  for  constant  training  and  better  for  variable  random 
tTrainincr  than  for  variahls  hloclcsd  training*  ^  ^ 

Although  there  were  no  effects  of  training  condition 
transfer  -ests  there  were  reliable  effects  of  training  condition  for  total 
relTonse  ^ime.'  As  suimnarized  in  Figure  36,  which  shows  response  time  averaged 
ac-oss  all  five  sequence  lengths  in  the  transfer  test,  there  is  a  distinct 
advantage  for  the  variable  random  practice  condition  relative  to  the  other 
prlcScfcoSitions,  including  all  three  constant  practice  conditions  as  well 
L  the  variable  blocked  practice  condition.  This  faster  responding  for  t 
variable  random  condition  is  consistent  with  the  variability  of  practice 
hypothesis . 
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Figure  35.  Total  response  time  on  the  transfer  test  averaged  across  all 
sequence  lengths  as  a  function  of  training  condition. 

Most  interesting  with  respect  to  the  procedural  reinstatement  hypothesis,  as 
shown  in  Figure  37,  are  the  results  for  transfer  trials  involving  se<^ence 
length  5.  Subjects  in  the  constant  3  practice  condition  received  twice  as 
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1  'K  as  did  subiects  in  the  random  variable 

much  practice  on  sequence  leng  better  match  between  training  and 

practice  condition,  so  that  ,  practice  condition  than  for  the  random 

transfer  conditions  for  the  to  trials  with 

variable  practice  condition  yielded  faster  total 

sequence  length  3,  the  variaoi  oractice  condition.  Hence,  variable 

trSSng  ^rbe'evL  mLe  important  to  eventual  performance  on  a  tash 

than  sheer  amount  of  practice  on  that  specific  tas  . 


Con  3 
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Figure  37.  Total  response  time  on  the  transfer  test  for  Sequence  Length  3 
only  as  a  function  of  training  condition. 

Summary 

To  summarize,  we  will  review  the  major  issues  we  hoped  to  address  in 
this  research.  On  each  issue,  we  are  now  in  a  position  to  provide  evide 

from  research  we  have  completed.  j  ^  fir-Qt- 

First,  we  asked  ”To  what  extent  does  a  person  adopt  or  adapt 

lanauage  strategies  in  the  acquisition  and  use  of  a  second  language. 

tcnLcIve  answer  is,  -wh.dev.r  possible."  We  found 

sneakers  whose  languages  have  frequent  zero  anaphora,  but  not 

Xsf IJ^g^agrharinfLquent  zero  anaphora,  more  easily  comprehended  modified 
English  (Sa?  is,  second  language)  discourse  containing  abundant  zero  anaphora 
than  did  native  English  speakers,  whose  language  rarely  contain  .  , 

anaphora.  Thus,  it  is  clear  that  discourse  strategies 

reference  tracking  in  one's  first  language  are  readily  adapted  for  use  in  a 

second  language  when  appropriate.  .  j  ^  durable 

Second,  we  asked  "What  are  the  basic  methods  for 
acouisition  of  vocabulary  items  in  a  foreign  language?"  We  have  several 
angers  to  this  question.  First,  we  found  that  mediational  instructions 
superior  to  less  specific  instructions  and  improved  both  the 
voLbulary  learning  and  the  amount  retained.  Second,  we  found  that  the 
keyword  method  is  effective  for  acquisition  of  vocabulary  pairs,  and  w 
deSl^nstrated  that  the  accessibility  of  the  keyword  from  the  foreign  word 
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increases  its  effectiveness  and  that  the  conceptual  aspects  of  ^^e  keyword 
reZil  important  mediators  even  well  after  mastery  of  the  vocabula^  pairs. 
Third,  we  found  that  the  pronounceabilty  of  a  word 

phonetic  rules  of  one's  native  language  affected  the  ease  of  learning  the 
meaning  of  that  word.  Thus,  it  seems  best  when  teaching  forei^  -engage 
vocabulary  to  use  specific  mediational  instructions  and  to  be  sensitive  to 

first” language  word  pronounceabilty.  .  t 

Third,  we  asked  "mat  role  do  abstract  linguistic  categories  play  in  the 

acguisition  of  language  skill  and  the  day-to-day  use  of  language  for  the 
purpose  of  coiranunication?"  We  have  several  answers  to  this  question  weU . 
First  we  found  that  even  well-defined  linguistic  rules  are  not  always  known 
to  native  speakers.  Subjects'  behavior  was  found  to  be  systematic  at  a  lower 
level  of  abstraction  than  that  given  by  prescriptive  linguistic  principles. 
Hence,  it  seems  best  when  teaching  a  foreign  language  to  avoid  exclusive 
reliance  on  rules  or  abstract  characterizations  but  rather  to  make  abundant 
reference  to  examples  or  specific  allowable  word  combinations.  Second,  we 
found  that  individuals  made  use  of  both  rule-based  and  instance-base 
strategies  in  both  natural  and  artificial  linguistic  category  learning  tasks. 
However,  with  training,  the  instance-based  strategy  came  to  dominate  ^  ® 
artificial  task,  whereas  the  rule  based  strategy  came  to  dominate  in  the 
natural  task.  .Hence,  abstract  (that  is  rule-defined)  categories  played  an 
even  larger  role  in  the  natural  language  task  than  in  the  comparable 
artificial  task.  Despite  this  difference  in  dominant  strategy,  subjects  used 
the  rule  primarily  to  categorize  novel  instances  in  both  tasks.  Thus,  we 
conclude  that  subjects  learned  something  about  both  the  operative  rule  and  the 
instances  presented  during  training,  and  they  were  able  to  switch  strategies 
appropriately  as  the  task  demanded.  Our  findings  suggest  that  individuals  can 
abstract  usable  rules  from  training  on  small  subsets  of  instances  and, 
therefore,  that  explicit  instructions  about  rules  may  not  be  required  in 


foreign  language  training.  ^ 

Fourth,  we  asked  "What  are  the  functional  units  of  any  language  and  how 
do  they  differ  for  the  .native  and  nonnative  speaker?"  We  found  that  the 
functional  units  used  for  reading  a  foreign  language  are  not  transferred  from 
the  first  language  but  instead  depend  on  both  the  speaker's  fluency  in  the 
second  language  and  the  orthographic  relation  between  the  two  languages . 

Hence,  when  teaching  a  foreign  language  it  seems  best  to  refer  to  functional 
units  appropriate  both  in  light  of  the  student's  level  of  knowledge  and  the 
orthographic  similarity  between  the  student's  first  and  second  languages.  In 
our  investigation  of  the  units  used  in  a  memory  representation  of  a  text,  we 
also  discovered  that  individuals  have  control  over  the  memory  representation 
they  use  to  store  a  text  and  the  chosen  representation  affects  what  they  can 
retrieve  from  memory.  Consequently,  to  maximize  memory  retrieval,  students 
should  be  encouraged  to  use  multiple  forms  of  memory  representation. 

Fifth,  we  asked,  "How  do  knowledge  of  the  language  and  utterance 
complexity  interact  to  determine  message  comprehensibility  for  a  listener? 

We  have  results  showing  that  the  number  of  propositions  in  a  given  utterance 
plays  a  large  role  in  determining  message  comprehensibility,  that  speed  of 
pronouncing  the  utterance  and  message  redundancy  play  minimal  roles,  and  that 
practice  modulates  these  effects.  We  have  found  that  these  results  hold  for 
nonnative  speakers  of  English  as  well  as  for  native  speakers .  These  results 
imply  that  to  insure  maximal  message  comprehensibility,  speakers  should 
include  no  more  than  three  propositions  in  a  given  utterance  but  employ  a 
speech  rate  and  a  level  of  redundancy  at  which  they  are  most  comfortable.  In 
our  investigation  of  training  conditions  that  optimize  generalizability,  we 
have  found  support  for  the  variability  of  practice  hypothesis  in  the  transfer 
of  a  memory  skill.  In  fact,  it  seems  that  variable  training  is  even  more 
important  to  eventual  performance  than  sheer  amount  of  practice .  Although 
this  study  used  a  spatial  memory  task  with  no  linguistic  input,  the  findings 
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imply  that:  in  totaign  language  training  as  well,  the  scheduling  o£  practice 
may  be  an  even  more  important  variable  than  the  amoun  P 

"""“ifharh:»  aKl't^eSclini-  o£  the  issues  we  raised,  and  we  have 
reached  some  important  conclusions  concerning  foreign  language  training. 
TellTztelTss.  tLre  remain  many  related  issues  concerning  the  development  of 
nsvchological  principles  that  would  provide  the  foundation  for  a  foreign 
lanauage  training  course.  But  we  trust  that  we  have  made  sufficient  progress 
CO  consider  the  next  important  step,  which  would  be  to  adapt  and  apply  the 
principles  we  have  summarized  above  in  an  actual  training  environme 
encourage  future  efforts  in  this  direction. 
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